Limitation of inorganic phosphate in the culture medium allows stalk elongation in wild-type Caulobacter crescentus. Mutants unable to form long stalks were isolated.
Formation of excessively long stalks occurs in Caulobacter crescentus when it is cultivated in a medium containing less than 0.2 mm inorganic phosphate (2) . Mutants which undergo extensive stalk elongation in media containing adequate phosphate for normal growth have been described (3) . These were given the phenotypic designation Skl. A second distinct type of mutant, with an abnormality in stalk development, is reported here. This newly recognized mutant of C. crescentus does not undergo extensive stalk elongation when starved for inorganic phosphate, and at an inorganic phosphate concentration near the upper limit that these bacteria tolerate (20 mM), its mean stalk length is notably shorter thain that of the wild type. The mutant strains with this aberration will be referred to by the phenotypic designation Sei (stalk elongation inhibition). Table 1 shows the effect of inorganic phosphate concentration on stalk lengths in wild-type (parent) C. crescentus CB15 and in the two types of mutants having defects in their stalk development. For measurements of stalk lengths, early stationary-phase cultures were used, since these show less heterogeneity in stalk lengths than do exponentially growing populations. The variation in stalk length is observed particularly with the phosphate-starved wild type and the Skl mutants, both of which produce stalks as much as 10 times longer than the wild-type bacteria grown with adequate phosphate. In Skl and phosphatestarved wild-type cultures, relatively unlimited stalk elongation occurs, and a bacterium producing a stalk at an early point in the growth of the culture will eventually possess a stalk as much as 20 Am long after continued incubation. Bacteria originating at a later time in the culture have shorter stalks. Less variation in stalk length occurs in the populations of strains which produce only relatively short stalks (wild-type strains grown with adequate phosphate and Sei mutants). Since these growth characteristics greatly influence the variation in stalk lengths among the different strains, standard deviations in mean lengths do not reflect the relative dependability of the stalk measurements.
The isolation procedure for Sei mutants was as follows: C. crescentus CB15 (ATCC 19089) was The growth rates of the Sei mutants in G-I medium were much slower than that of the parent strain. The doubling times for three Sei mutants ranged from 8 to 11 hr, compared to 3 hr for CB15. Sei strains did not grow satisfactorily in the complex peptone-yeast extract medium (1) ordinarily used to cultivate Caulobacter species. When growth did occur, it was accompanied by reversion to wild-type stalk development. Since Sei strains were routinely cultivated on a defined minimal medium, inhibition of growth due to a constituent of the complex medium rather than a growth factor requirement is indicated.
Sei strain 3-8 was stained with 1%,ZC sodium phosphotungstate (pH 7) for electron micrography ( Fig. 1 and 2 ). The effect of the inorganic phosphate concentration of the culture medium on stalk length was observed.
Further characterization of Sei mutants, in conjunction with studies on the physiological basis of the Skl mutant defect, will be of interest in an analysis of stalk formation in bacteria.
